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ABSTRACT 

Included are three Learning Activity Packages (LAP) 
studies for use in high school physics instruction: Time and 
Measurement Function; ForceB Work, and Momentum; and Homentum, Work, 
and Energy. Each LAP contains a rationale for teaching the. material 
included, student ob jectives (stated iia behavioral terms) ^ a list of 
resources (readings, problems, laboratory activities, audiovisual 
aids) , a student self-evaluation, and suggestions for advanced study. 
(PEB) 
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BEST COPY AVAILABLE 

Previous math and science courses . 
have taught you to use the concepts of 
time and measurement o You have learned 
to perform simple operations such as 
measuring the distance a moving body tra- 
vels over a certain time interval. 

This LAP will go heyond these elemen- 
tary applications. It will enable yon 
to measure movement using multipie flash 
photography and the stroboscope. Also^ it 
will introduce you to the function., a mathe- 
matical tool that is used extensively in 

physics • . . 

When you have successfully completed 
this LAP, you will be able to use these 
concepts to aid you in the study of linear 
and circular motion. 
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BEHAVIORAL QSJECTIVES: 

After you have completed the prescribecl course ^^tudy, you v/iTl be 
able to: 

\ !• Use the concept of multiple flash photography to: 

a. - determine the speed of an object moving in a straight line, 

b. determine the flash rate needed to restrict a given object*s 
movement a certain amount during the f]ash. 

c. determine the flash rate needed to take pictures of a moving 
object at certain distance intervals, 

2. Use, the speed of a stroboscope to determine the speed of an object 
undergoing repetitive motion, 

3. a. Express any given number in pov^ers of ten (scientific) notation. 

b. Perform the four fundamental mathematical operations on any 
numbers expressed in powers of ten notation* 

c. Give the order of magnitude of any number expressed in powers of 
ten notation. 

4. a. Give a one half page discussion of the method of triangulatiori. 

b. Measure distances using the method of triangulation. 

c. Give a one quarter page discussion of a procedure that uses the method 
of t^^i^ngulation to find distances to "near" stars.. 

5. Give a one page discussion that gives two arguments to show our world is 
three dimens ional , 

6. Solve problems using the concept of significant digits. 
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I, Reading and Problems; 

■ 1. PSSC, Phvsico: pps. 7-3?, exs. ;;p;j. 19-20, 6, 10-13, i6-lS, 

20, 24-30; exs, pps. 37-.39, 6-7, 19-20, 23-25, 27-30. 

2. Williams, Modern P hysics:, pps. 23-31, exs , A (5-8). 

II. Laboratory 

PSSC Ix(\B Guide - Experiment i-i, 
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1. A flash camera vji^a set up io tak^::. lAcin-ii-^s -'^ .r li^^vi-Ag projectile/ The 
shutter speed of the camera was _ 1^ soic. I*; r.hf± projectrile moved 5 m« 

between the two p:ic(M.n:e.s^ what: ii?as i:;.s ^'pC'ed? (Assume the speed remained 
constant) 



2, A stroboscope is made up of four quarter sections: one clear, one 
opaque, one clear, and one opaque, A light is directed onto the 
stroboscope v/hich is rotating at the rate of 50 revolutions per minute • 

a) What is the cime interval from the end of one light impulse to. the 
end of the next light pulse? 

b) Wliat is the time interval- froia the end of one light pulse to the 
beginning of the next ? 



3. Simplify the following 2 

a) 3.2 X lO"*"^ 4.6 x lO"* 

3 -8 

b) 7./* X 10 ^ 3,9 X 10 

5 ->4 

c) 2.1 X 10 X 3.3 X 10 



4« Discuss the method of triangul ation. In your discussion you should 
include a diagram and a sample problem Illustrating the method of 
triangulation. 

5. Present an argument that shov/s our world is three dimensional . 



6, a« A person measures a recl-angular solid and fi.nds the length to be 
5.3 m*5 the width to be 7.69 m» and the height to be 3-397 m. 
What is the volume of this rectang:j.lar solid? 



b. The height and base of a triangle are 3.2 and 6e97 inches respectively. 
What is the area of the. triangle? 



IF YOU HAVE SUCCESSFULLY MASTERED THESE GOALS, A PROGRESS TEST IS 
SCHEDULED. 
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BEHAVIORAL OBOCCU VKS: 

After the completion of -':hc- i>r-e:Kr u,n:c oou:-.;: oc ^ tuny you will be able _ 
to: ; 

7» "Define; 

a direct proportion relation 

an Inverse propoirLioa i"eiation 
Ca a fuuction 

the inverse square relation of light: 
e» interpolacion and excrapolatJon 
f . scaling 

8. Use power laws and the concept.^; of Bimllar figures to determine 
the diniensioas of one geometric rlgure given the dimensions of a 
similar figure. 

9. a. Find the iMstance from an object to a light given the intensity 

of the liglit aad of another ligiu; whose distance from the object 
la known . 

b. Find tli'ici relMfiv^^, distances from two liglilj-; to an object between 
the ligiW.f-i, given the luKcjui: ty of the light::: and the total 
distance: be^twoen th?i light::*,- 

10. Determine iri wiw^l prooori.ion you must, streny l:hen an object if you increase 
its linear dimensions and wirUi to maintain l.iie same strength/weight ratio. 



Z. Reading and ?roblemi> 

I. PSSC> Physics ; pps, 40^51. oxs, 8-9, 11-12, 19-20, 2^*-25. 

II, Laboratory (Consult your teacher). 
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b) the Inverse snuare relation of light 



c) a direct proportion relation 



The volume of one cylj.nder' is eight timey the volume of another similar 
cylinder^ If fh:t cii:cuiT>f t rence of die base of the smaller cylinder is 
3 cuu , what is the clrcumiet ence of the base of the larger cylinder. 



The distance bcitxveen two street lamps is 60 ni. Wliere should an 
observer stand between the lai^ips if lie v>ants one lamp to be four times 
as intense as the ot rtec? 



a, if you scale ^.^p aJl rlj.i linear vi:inionftlpns of a rectangular solid 
by 9, hovj much do each of* the f ollc^wj.ng change? 



I) voluoie 



2) surface area 



A steel ball is hanging from a rope 1 cm. in diameter that just 
supports it. If you rincrease the volume of the ball 5 times, how 
much do you need to increase the diameter of the rope so it will 
continue to support the ball? 



A 0 V A N C E n S'T U D Y 



Calculate tfse cllair.eter of the moon. (Hint: See the exercises 
in your text) . 
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Textbooks 

1. Physical Science S;cudy Cc.ni^ni^:.l^:^e ^ Phyyicf}^, 2ad edition (D, C- Heath and 
Company, 1965) . 

2, Wi.lliams, Metcalfe.^ Trinklein, Lef ler , Modern Physics, 2nd Edition (Holt, 
Rinehart, and Winston, Inc*, 1968) « 

Ko/rkbooks 

1. Physical Science Study Coniinittee, Laboratory G uide , Physics , 2nd Edition 
(D, C. Heath and Company, 1965) 
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RATIOMIiE ■ 

So far in our study of Physics, vje have been primarily, 
interested in how a body moved rather than what makes it move. 
We have constructed elaborate graphs to show the displacement 
and velocity of a moving body and from these graphs, we have 
been able to calculate the velocity and the acceleration of 
the body* Nov/here did v/e take into consideration what makes 
an object move or what makes it stop moving. 

In this LAP we will study V7hat makes an object move and 
what makes" it continue moving. Prom this we will go into an 
analysis of the motion of objects "near^* the earth's surface 
and the various forces acting on sxich objects. Finally, we 
vjill go into an analysis of centripetal motion nnd its applica- 
tions for the motion of satellites. ' 
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BBHAVIORAL OBJECTIV ES: 

By the completion of the prescribed course of study, you will 
be able? to: 

. 1. a) State Galileo^ 3 Lav; of Inertia. 

b)/Give. at least a one-half page explanation of the thought 
experiment that Galileo iised to discover his law. 

2. Demonstrate your understanding of the relationship between 
the mass of a body, the change in velocity of a body, the 
force acting on a body, and the time in which the force 
acts by beii^g able to state an equation shovjing this rela- 
tionship and being able to calculate the value of one of 
the variables given the valiie of the other three. 

3. Demonstrate your understanding of the similarities of inertia 
and gravitational mass by v;riting a one-half page paper com- 
paring and contrasting them (yotir paper should contain the 
definition of the tv>70 terms, properties they have in common, 
and properties they do iiot have in common)* 

Take several forces acting on a body and resolve them into 
the net force acting on the body* 



I. Readings t 

" PMsica ? #1 pps . 318-322; #2 pps . 323-325* 
PP3. 328-329; #3 PPs . 32^-328; #4 pps. 329-331. 

2. Taffel -- Physics ^ It_s Methods_ and Meanings ; #1 pps. 102- 
103; /a2 pps. 103-106: //3 pps. 107-108; pps. 54-58. 

3. Vcilliams - Moder n PhYsica : ,fl Pps. 85-86; #2 pps. 86-89; 
#3 ; #U . 

II . Problems : ^ 

1. P33G - Physies ; ifl ; #2 pp3» 332-333 exs. 3, 6-10, 

13-lU, 16~22; #3 ,„ //I-!- P- 333 ©xs. 25-31. 

2. Taff el - Pj-ijs.lcs ., Its M_et:h^ods and Mean ings ; //^l ; 
#2 pps. 111-113 ex3. 1(1"!|, 6-12), 1(1-2, 7-10, 12, ll|- 
15); #3 „: irh p- 59 o.x.s. i(i, 3-4). 

3. Vailiams, Modern Plrysics: #1 _; #2 pps. 94-95 1-3, 

6-7, 12; #3 „ .J ik ,„ . . ■ 

III. Laboratories: 

1. PS3C - Laboratory Guide, pps. 35'4^' 

2. Taffel Labpi-'a l.pry Kanua 1 , Phy a i Its Methods and 
Meaning s, pps. 27-33, 53-57. 

IV. Visual:' 

1. ■ McGraw Hill Pilmstrip - Porc_e j^nd Motion. 



SI:;LF--EV7-.i:.UATj: 



1* Discus^3 the though*: cxoera ?ruM?t: tn;il. Galileo used to discover 
his Lav/ of Inertia. 

2. a) A raili-^oad engine of raass 12,000 kg ia rolling along the 
trackiri at a speed of 35 m/sec. The bivikes are applied 
and the engine decelerabss constantly ^vad stops in 25 sec^ 
V/hat is the iTiagiiitude of Uje brakiii^; force and in what 
.dire c t i. on d o e s i t a c t ? 
b) If an object ;vith rriQss m is acted on by a certain force 
to give it an acceleration of PO m/sec,*^, rjnd if another 
object is acted on by a force fonr times as great to 
give it an acceleration of 15 ra/iiec.'-^ v:hat is the ratio 
of iTig t;o in? 

3- Discuss gravit;abiorial mass and inertial mass. 
h* ' Consider the fol].o>r5.t)g diagra:rt: 




g__n_t 



'jfhat 13 the net rorce acbin-i on tlvj.;- fjbj'icl.-? 
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V/hat ia the resultant force acting on this object? 
The retarding force of air resistance on a baloon is pro- 
portional to the square of the velocity- For a certain 
baloon, inflated a certain amount, this force is given in 
nev/tons by P^^=.2V'"'^ -where V ia the velocity in m/sec. The 

baloon and the air inside have a combined mass of 10 gm« 

a) Draw graphs of the baloons acceleration as a function of 

velocity v/hen you pull it with a 1.8~newton force atnd 7»2 
newt on force, 

b) VJhat is the maxinaun velocity' that the baloon will reach 
in each case? 

c) If the mass were p.O gm. , how would this affect the maxi- 
mum velocity? 

d) vfliat do you think vjould be the effect on the maximuin 
velocity if you inflated the baloon to a larger volume? 



Section Ii 

BEHAVIORAL OBJECTIVHS i: 

By the completion of the prescribed coa.rse of study, you will 
will be able to: 

5. Demonstrate your understanding of the rela.tionr>hip between ■ 
the mass of a body^ the gravitational force acting on a body, 
the air resistance acting on a body, and the amount gravity 
accelerates a body by being able to state an equation shovj- 
ing this relationship and being able to calculate, the va'Iue 
of one of the variables given the value of the other three. 

6. Demonstrate your understanding of pz^ojectile motion by being 
able to take an object projected at a given angle and; 

a) - determine the horizontal and vertical displacement of the 

object's velocity vjhen it v/as projected and at any time 
thereafter* 

b) determine the horizontal and vertical dissplacement of the 
object in a given time interval. 

c) determine the time of travel of the projectile. 

d) draw a position time graph for the projectile 's motion 
for a given time interval. 

?• a) Derive a formula that v/ill enable you to calculate the 

speed of an object moving in a circular path of radius R 
when the object's period of motion is T. 
b) Use the formula derived in p^rt (a) to calculate the value 
of one of the variables if the other two are given* 

8p a) Derive a formula for centripetal acceleration in terms Qf 
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BEHAVIORAL OB JJ^CTira:.: ' Sect I or vr 

(1) speed and period of v^\oiio\), oi' 
■ . (2) speed and radius of the cix^cle, or 

(3) radius of the oirclo and period of motion^ 
b) Use the forirmlas derived in part (a) to calculate the value 
of one of the variablec if the otlier tv;o are given. 
9. a) Derive a foriaula for centripetal force in terms of: 

(1) speed and radius of the circle, or 

(2) radius of the circle and period of motion - 

b) Use the for:niilas derived in part (a) to find the value of 
one of the vari^:ibl83 given the value of the other three. 



7 



I. Readings: 

?SSC - Physic s: pps. 33,^-336; #6 pps . 333-3ii-0; #7, 8, 
9 pps. 3UO-31+7. 

2. Taffel - ' Physics . Its Methods and Meaning ; #5 PPs. 77-79; 
#6 pps. 81^-89; //7, 8, 9 pps 90-9ii. 

3. Vfilliams - Modern Fh ysic .^=: !fS ffo p-gs. 102-103; 

#7, 8, 9 pps. 103-1.08. 

II. Problems: 

1. PSSC - Physics : //^ p. 3.5U exs. 1-2, k*' 7; #6 P- y^k 
exa. 3-15; yr7, 8, 9 pps . 354-355 exs. 16-21, 2l|.-25. 

2. Taffel - F hyai cg i I ts Methods and Maanings : #5 ; 

#6 pps. 8U-69 f)xs. 1(1,3), 2(9), l(l|-9(, 2 {16-19): 

ir7, 8, 9 pps. 98-100 1(6), 2(10-12, 1(10-13), 2(20-22). 

3. Williams, Modern Physics: #5 /fo ; #7, 8, 9 

pps.. 111-112 exs. 1-7. 

III. Laboratories: 

1. PSSC - Laboratory Guide : pps. I;l-i|5. 

2. Taffel - Laboratory Hanu.'j 1 , Ph ysic s, Its Me thoc3s and 
Meaninp;3 ; pps. 67-70* 
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What is the aii' T*e:rlrji.anc':::' aci-vnj:; ok '. --oily ^,;ho::^e masa is 
0.8 kg at point ov^ th'\: ,;;.^,v.i.: :<ece J.ex*a^^ion of 

gravity 13 9.61 m/soc/' ■uicl Invi nol Cocco acting on the ob- 
ject is 6.8 nt? 

An artillery piece is fired at an ;.mgle of 30*^'^ A'ith the hori 
zontal I'jith a nu::zlc velocity of 120 r-i/sec. 

a) /jliat are the a anc3 Y coordinater. of the shell after 1«2 
sec . ? 

b) Hov7 long v;ill the shell be in the air (nssumo the muzzle 
of the gun is even ^;ith the ground). 

c) Hovj far horizontally v;ill the shell r.ravel? 

d) Drav; a position time f'^r^jph foi' tlii^ sricll fx'oni the time 
it fli'ed to rh^s tiinf-; i t ' i^oacliod- It^; apex» 

- 1 ? 

If a proton rriove:* in oi. rcul-a* oi/bi t oV rvKiin;i 2x10 * - cm 
and goes ki of i'lie v;ay arou.nd the circle in ,0003' sec, what 
is t}ie sxH^od of tlio pr^oton'; 

a) Derive o f ox*:nv:il a for' conMripe^nl ncce Lor'.? tion in terins of 
speed and period of n.',)tion* 

-2 

b) An object raoves in a c5. t*cul*' r ' p'.« th v/itii radius 7.3>^iC) m 
with a speed of 2.7xlo'^ in/sec. What; is the centripetal ac- 
celeration of the object? 

a) Derive a formula for ceJitripeLal force in terms of radiu,s 
of the circle and period of motion* 

b) An object of mass tl^f: moves around a circle of I'adius 
10 ra in .9 sec. VJhat Is the oent-ripe tal force acting on 
this object? 



If an airplane .rU:'-^ 3pe^•^J -J" .^yy'': r\/ :u^c . xa diving at an 
angl^ of 60*^ wlr.n ti-e nor j. .^c:": 1 1 role;uaes a_ Wanib and 

hits a target v;ruch ij 1 >'n >orl'Ontally in froni; of hiia, 
what should the alt i tud.e of t:r)e plane be? 

A mortar is fired at 'j^n angle of 3^^ uith the horizontal and 
at an angle of 60^ v:itli '.he horizontal. The muzzle velocity 
both tines 200 r;i/sec. Determine \:hei:her the projectile 

tr-'iveled the smne dist^ance hori.zontally in both cases. 
A cannon is si turned on :^ cliff ^00 m high pointing at an 
angle of 30^' -n\A\ the hori^ontnl . It Is hat:i a inuszle velocity 
of 300 :ri/3^o. , 

a) Kov long v;i.l p;*:. ; v ^' i I r'*:-:-iin in the air? 

b) Hov; far hori zon ';ally vil li t he projectile have traveled 
at the end of thin tiiip^ . 

c) Dra'.; a position ^A:^.ri i^r'M^y^ Tor i^liiG projectiles notion. 
A rifle 13 pointed up-ji^x i a^ hu i^ngle of us^ witli the hori- 
zontal and 3ig:":ted o:: obiect; tlv:a is 3^0 m horizontally 
frora the enc o± zho riirie. oini^lt .:neous ly , the rifle is 
fired and the objec-: is dropped fro'a re^t* If the muzzle 
velocity of the rifle 'a-' l^^O rn/:iec,, ' 

a) At what t;ime will thu' bullot: hit the object? 

b) ./hat ivill be their vortical height 3t that time?' 



BEHAVIORAL QS JiiiCVlifL:;^:: . • 

3y the compilation of prescribed cour:>^:i of stucy^ you'vdll 

be able to: 

10. a) Derive % formula that will enable you to ootemiue the 
restoring force actin on 2n object that is undergoing 
simple harmonic motion, 
b) Use the formula derived xv part (a) to calculate the 
value of one of the variables given the value of the 
other three. 

11*1 a) Derive a fox^muls that v;ill enable 5^ou to determine the 
period of an object that is in simple har-monic motion. 
• 'b) Use the fox*mula derived in part (a) to calculate the value 
of ouo of the varl::ble.=- given the value of the other two. 
12. a) Derive a formula that wi-ll enable you to determine the 
restoring force acting on the )>ob of a pendulum, 
b) Use the formula derived in part: (a) to calculate the value 
of one of the variabio.: givi-m the value of the other two. 
13* a) Derive a formula that vill enable you to determine the 
period of a panduiuar;, 
b) Use the formula derived in part(a) to c::Tcu.late the value 
of one of the vari^.blot: given the value of the other two. 
Give a detailed argi^rient thnb uil]. dotr^mine vjhether there 
is such a force as centrifug^^l force. 



ERIC 



11 



Readings : ' 

1. P33G - Phyaics: ,flO, 11, 12, 1.3 pps. 3^47 ~3^0; //ll^ pps. 
350-353. 

2. Taffel - Physics . Its Methods and neanirir,3 : //lO, 11, 12, 
13 pps. 9U-97; /ni^ p. 122. 

3. t/illiama. Modern Physics ; «10, 11, 12, 13 PPs. 119-122; 

m • 



II. Problems: 

1. P33G - Physicr, : /^lO, 11, 12, 13 P- 39S exs. 26-32; 

2. TaffeT - rhyaics , J to Hethod ;; and Meaning's : ,r'10, 11, 12, 
13 pps. 98-100 e>:3. 1^7-8), 2(13-lli), 1(1^-15), 2(21^.-25); 
i^lk . 

3. /Willians - yxodern i^hysic:^ : ,/10, 11, 12, 13 ppsx 122-123 

ex3. A(l-U), 3(6-10), A(l-2), Bih). 

III. Laboratories: 

1. Taffel - Laboratory i^f:.nual . Phy.-iics - It.^ Methods and 
Heanin£^: pps. 19-21, k'^.-kh, k9-^P-- 
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If an object of mass 8 kg is undargoirig simple harmonic 
motion and has a perdod of 1.8 vsec», vihat vdll be the re- 
storing force acting on the object if it is displaced 3 m 
from the origin? 

Derive a formula that vail give ^ov the period of an object 
that is' undergoing simple harmonic motion. 

a) Derive a form\^,la that will enable jon to detemaine the 
restoring force acting on the bob of a pendulum. 

b) Consider the following diagram: 

1. ' If the mass of the ball at the end 

of the penduliun is 20 kg, vhat is 
the magnitude of the linear restor- 
ing force acting on it \jhen it is at 
'the top of its arc? 

2. 'iflnrxt is the period of the penduliim? 

Is centrifugal force a fictitious force? Justify your 
ansi^er. 
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In the previous LAP we studied the 
dynamics of motion^ What causes au object 
to change direction, or to accelerate, o:c 
to stop. We studied the types of forces 
that cause such behavior. 

In this LAP we wi3.1 concern ourselves 
primarily with three things: momentum, 
work, and energy. We will determine why a 
car does more damage than a baseball when they 
hit an object even if they are traveling at 
the same speed. We will learn what is meant 
by work and various ways in which work is 
performed. Finally , we will study energy 
and see why we say that it is the ability of 
an object to do work. 
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Behavioral Objec Lives 

By the completion ox; tb«^' pve^icrlbed course, of: stiudy- you wil^. 
be able to: 

1. Define impulse of a force and work jjroblenis rein ting to 
this definition* 

2. Define momentum of a body and work problems relating to 
this definition. 

3. Demonstrate your unUerKtaiuling of conservation of momentum 
by: 

a. Writing a one-pagti pap<^r describi.Xig experiments that 
have been psrfomied to demonstrate that momentum is 
coriiserve;), 

b. Working problems relating to conservation of moraent^^'n 
in the interaction of several bodies, 

4. Define the center of mass of two Interacting bodies and 
work problems relating to this definition^ 

5. Demonstrate your understanding of the relati-onship between 
conservation of momentum and velocity of center of mass by 
being able to derive a formula showing this relationship. 

6. Demonstrate your understanding of rocket propulsion by 
stating a formula involving the total mass of a rocket, the 
ttisiss is ejected, and the change in velocity of the rocket 
and working problems relating to this formula. 



Resources 

1 . Readings : 

• 1. PSSC - ^1 pps. 378-0 79 : ^'2 pp='. ioO-3ai; pps ., 381-387; 

#4 pps. 387-388; f?5 pps. 386-391; ?/6 pps. 393-396. 

2. Taffel - //I, in pps. 113-114; //3 pps. llA-116; #4, ?;5, #6 . 

3. Williams - //I ~ //3 pps. 90-92; #4, ??5, #5, . 

2 . Problems ; 

1. PSSC - fM, p. 397 ex. 1-7; ;/2 pps. 397-398 ex. 8, 10-13; 

//3, pps. 398-399 ex. 13-1.4, 16-18, 26; ,74 pps. 399-400 
ex. 21-22, i'*, 27-23; ?/3 ; !/6 p. 398 ex. 20. 

2. Taffel - #2 pps. 117-118 ex. 1 (1,2), 2 (5,6) 1(1-3) 2(8-9); 

il3 pp. 117-119 ex. l(?-4), 2(6-8) 1(4,6-7), 2(10-11); 

#4, f'i, r/6 , 

3. Uilliaras - //l-Z/S pps, 92-93 B(16--17) , E(12-14, 16)'; #4, //5, 

//6, . 

3. Laboratories: 

1. Physics, Its Methods and MeanJags: Lab 

2. Physics, Its Mct.]:ods raid Meanloj',s: Lab 15 

3. Physics; Lab III - 7 . 

4. Physics: Lab III -8 .,^^ 



SELF-HVALUATION 1 



1. An 1800kg. car increase..^ i ts r^pv-^ici ar. a-uniforin rate lu a 
straight line from 15 ffi/:-a^ic to 50 n/sec Ir- 7 sec. 

(a) What impulse^ actt^-i on this car') 

(b) What force produced this acceleration? 

2, A motorcycle traveling at 7 m/sec increases its speed to 18 m/sec 
in 10 sec. 

(a) What was the initial momentum of this moto?:cycle? 

(b) What was the final momentuni of this motorcycle? 

(c) What impulse acted on this motorcycle? 

(d) What was the magnitude of the force acting on this motorcycle? 



3. A bomb having a mass of iOO kg. oipiodes in the air into two 
..pieces that fly out vertically in opposite directions from one 
another. If the mass of one piece is 33 kg and the mass of the 
other piece is 67 kg, what is the ratio of the velocity of the first 
piece to the velocity of the second piece? 



4. a. Define center of mass. 



b, A 5 kg ball is moving towards a 20 kg ball at rest with a 
speed of 3 m/sec. > 

1) If the balls are 72 m apart, how far is the center of mass 
from each ball? 

2) What is thfe velocity of the center of mass? 



5» Derive a formula that demonstrates the relationship between 
conservation of momentum and center of mass. 



6» If a rocket of mass 5 kg ejects 100 g of fuel through the exhaust 
nozzle with a speed of 100 m/sec, what is the change in velocity 
of the rocket? 



ERIC 



!• Write a three page ropon oii M:^"^^vi ,U:vs c-i planeLc^ry 

orbits. Your report should i.'--;ciitde dla^yra'ji^; tables of data 

to illustrate each of. these three lows, 

2. Write a three page paper explaii^ing three different theories 
concerning the structure of our solar system. 

3. Write a paper explalaing the Law of Universal Gravitation. Your 
paper should include a statement: of the law, a mathematical 
derivation of this lav> laboratory tests of the law, and some 
applications of the lav\ 
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Behavioral Objectives 



By the completion z'ci-." p r*.: :.b;ui ..-t.:.;^/. you will be 

able to: 

1. Define work au^l vicik pK;^*ji^:Kh > ... ..nv to t:lvf.s dciiniti.on, 

2. Demonstrate yovjv ^irui^^nir.ariaTii?. k;.ne'.x:^ en»^rgy by deriving 
a formula that: 11 er-able you to cjiJ cui-ale the kinetic 
energy of a body and work prcbieir.s relating to this formula* 

3. Demonstrate your understanding of the change in kinetic energy 
that occurs when two bodies interact and the force of interaction 
is a constant repi?.li:ive force by: 

a. deriv.lr^vy, fonTiula thai: shov.^ tin;., r>::lcj(".lr.uishlp and v7or king 
problems relaLing to uhis farn\n}.-i. 

b. presenting a one-quijrter page artjument thaJ: jshows the 
total kinef. u: t;r:or[;y ciianue?:. during the Interaction but 
is the sann- ^iiuc rhe j,rii t:/.ac?: Ion ;;3 it was before the 
in 1 1 L ci 0 1. X . 

deriving- :i forxuLo Ih::^ t.hL:-\ Lnnuifer of klnotic 

energy ic^I-.i ive to tin- ::i;ni:.'V or iiias?^ of Che two bodies 
and working problems rc^l;i*. jr./ to Vhxs fonnii.la. 

d. deriving form\iIarf that will ;;^ive. the velocities of the 

bodies after the- interaction ?nid working probleniij relating 
to these formulas. 

1. Readings: 

1. PSSC - //I pp£j. ^402-^06; in pp«. ^06^A07; />3 pps, 407-A17. 

2. Taffel - /a pps . 136-^137; />2 pps. 155-156; //3 pps, 156-157. 

3. Willianis - H pps. 12A-126; ^2 ppr.. 13U132; //3 . 

2* Problems: 

1. PSSC - in p. 418 ex. 2-5; //2 pps. A18--419 ex. 6--11, 13; 

#3 pps 419-421 ex. 15-16, |.8-25, 28-3j . 

2. Taffel - //I pps. 146-148 ex. 1(2). 2(9), 1(1-^2,4) 2(12,13,15); 

//2 pps. 168-170 ex. 1(1-2), 2(11-14), 1(1,6), 2(15); 
#3 pps. 1^69-170 ex. 1(8), 2(15, 2(17-18, 22) 

3. Williams - //I pps. 129-130 A (1-4), A(i-2,4), r>C^,xl'-12) 

7/2 pps. 135-136 ex. H(7), A(3-4) , B(8-9) ; ^^3 ^ . 



a. Define work. 



A force of 25 ut :'.s d^rc^c towar^U- r^. dry ice puck at an 
an angle of 60^* wii.h t-Ue hori:<::vr.ir.i i. and moves the puck 5 m. 
How much work is <1on.i, by this rorce? 



What is the kinetic energy of a proton (mass = 1,7 X 10*"'^*' kg) 
When it is moving at a speed of 3,5 X 10^ m/sec? 



Derive a formula that shows the total change in kinetic energy 
that occurs when two objects interact and the force of interaction 
is a constant repulsive force depin^ds on tVie magnitude of the force 
and the change Ivi separation of the objects. 



A ball of ivtiss 5 kg is moving toward*^: a ball with mass 25 kg 
which is at rent at a speed of 20 m/sec. 

a) What are the initial kinetic <^nergles of both bodies? 



b) What are the velocities of each mass after the collision? 

c) What are the final kine.lic energies of both bodies? 



A set of pulleys with an id'^A. MA of 12 - a- v^ied to raise a 240 lb 
safe a heighc of 5 f 

a. Draw a diagram oi: cue- net ^'>i ^ alleys. 

b. If there ±3 no f.rict.xoaal los:;:,, what: effort must be applied? 

c. How much cord will be pi? J led in by the effort? 

d. VJhat is the work input? 

e. What is the work output? 

A wheel and axle whose radii are 1 m and .25 m respectively is 
used to lift a wieght of 50 nt. 

a. Assuming it is an ideal machine, what effort will be 
required to operate it? 

b. If the effort really needed is 17*5 nt, how much force is 
used to overcome friction? 

c. What distance must the fort move to raise the weight 8 m? 

d. What is the owrk output? 

e. What is the work input? 

A 9 ft, board is u^5ed to make an inclined plane to roll a barrel 
to a platform 3 ft* above the floor. 

a# How much work would be r;*qtjired to raise the barrel directly 
from the floor to the platform? 

b. If friction is neglected, whrit orfort would be required to 
roll the barrel! up the incline? 
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SECTION 3 



Behavioral Obj ec lives 



By the cctapleticn or t f. r . . ■ : ' - ^ 



yoc- will be 



able to: 



!• State a loru^ula thai v. vl :-\^\:lc yon to ^u^tenulnt^ the total 
energy in an inlerac L i or: c.eJ.v.^ee-j a mai?;-> and a spring bumper 



2. Demonstrate yout uxuU-rs taading of the gravitational potential 
energy and kinetic energy of a body that is suspended at 
height h above the e^rth by: 

a. derivin^j a foraula th.at will en^nle you to determine the 
gravitationo-i pu't. eutidl energy of a body at height 

b. stating a f oiTnu la that ^^hov7s the relationship between 



3. Demonstrate your under5?:.^i]vi;5 ng ot; gr.ivit.iC.lonal potential 
energy for an object at anr sop^ration r from the earth by 
deriving a i-nr;n!iJ.a that, v/i.ll en;>Kie yon t:r.> deti: rr-'Jnc t:he 
gravitational po?:en' ;ai »-;at^rey o*, f'ii.s object iwd working 
problems relating?? to tiil;- lor:mf1a, 

A. Demonstrate your underr^^tandir.g ot the lorce^ roquired to 
put an object ir, orbit ar^^Mind the eailh or to free it from 
the earth's gravitational t>ull by being able to: 

a. determine the escape kinetic energy of any given object 
ou the earth's surface, 

b. derive a nuinerlcrjl v.alue for the escape velocity of any 



and work problems relating lo this formula* 



thesf^. two e 



jiiU/;.^U:s la: CerH.'^i of the total energy of the 



f orniula. 



object from the Kurface of tiie earth. 



c* determine the bljidij^g oner^y of sny given object t:o any 
<^ther given object. 



sect:' or; 3 

Resources 

1. Readings: 

1. PSSC - in ppa. 422-426; f'2 pps. 426-433; it3 pps. 433-434; 

i'/4 pps. 434-437. 

2. Taffel - //I ; #2 pps. 157-161; #3 pps. 161-162; //4 pps. 

162-164. 

3. Williams - #1 ; i'/2 pps. 130-131; #3 ; *4 . 

2. Problems: 

1. PSSC - //i pps. 438-439 ex. 1-5, 7-8, 14-16, 19; //2 pps. 441- 

442 ex. 20-21; //3 p. 442 ex. 22-23; il'4 p. 442 ex. 24-26, 
28-30. 

2. Taffel - #1 : ifZ pps. 169-170 ex. 1(3,7,9), 1(7-10, 13-14), 

2(16,21); i;'3 p. 170 1(11); //4 p. 170 1(11). 

3. Williams - in ; #2 pps. 135 - I36e.x. A(l-2), A(l-2), 

B(7); //3 & />4 . 

3. Laboratories: 

1. Physics: Its Methods and Meanings, Lab 19 

2. Physics: Lab III - 12 

3. Physics; Lab III - 13 
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A mass of 1.5 X 10^ kg ^jioing \:iih ivr^,.: *> . X iO'"** m/sec 
on a frictii.^iiles:> sur.>;v..: v:oliid-.s WjTji a i^pritig bu^riber x^^hich has 
a force constant of IZ5 \.tlr..^ 

a- What is the kinetic energy before the crl.l.ision? 

b. Uliac is the raaxiK:ura co^npression of the spring? 

c. What is the potential energy when the spring is compressed 
one-quarter of the way? 



An object is suspended 25 m above the earth • What w^ftll be the 
kinetic energy and gravitational potential energy of the object 
when it drops 20 m? 



\^at is the gravitational potential energy of an object that is 
1-8 X 10^ m abovti the surface of the earth if the radius of the 
earth, is 6.37 X 10^ m and the mass of the earth is 5.98 X 10^** kg? 



What is the binding energy of a 1200 kg satellite to the earth? 
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Books : 

1. Physical Scle;:c:e Ktudy Ccjrmii c tee - Plivsj Second Edition 
(D. Heath and Cc», 1965). 

2. Taffel ~ Physics, Its Methods and Mciaiiings (Alljai and Bacon, 
Inc., 1965). 

3. Williams, Metcalfe, Trinklein, Lefler - Modern Physics , 
(Holt, Rinehart, and Winston, 1968). 

Laboratory Manuals: 
!• Taffel - Physics, Its Methods and Meaning s Laboratory Manual 

(Allyn and Bacon, Inc., 1965), 
2. Physical Science Study Con'inittee - Ph ysics Laboratory Guide , 
(D. C. Heath -A^d Co., 1965), 



